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(54) INVERTER CONTROL DEVICE

(57) An inverter control device is disclosed. The de-
vice is configured: for determining a fundamental-wave
magnitude of a phase-voltage corresponding to a modi-
fied voltage; for performing a proportional-integral (PI)
operation of an error between the fundamental-wave
magnitude of the phase-voltage and a magnitude of a

reference voltage, and for outputting a compensation
voltage; configured for adding the compensation voltage
to the magnitude of the reference voltage to obtain an
output; and for over-modulating the output and for out-
putting the over-modulated output as the modified volt-
age.
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Description

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to an inverter control device.

2. Description of the Related Art

[0002] In general, an inverter is a device that electrically converts DC to AC. The inverter used in the industry receives
electric power supplied from a commercial power source and varying a voltage and a frequency of the power to supply
a variable voltage and frequency to the electric motor, to control a speed of the electric motor with high efficiency.
[0003] The inverter is widely used in systems requiring variable speed operation. Various configurations are realized
in various application fields based on power semiconductors. The number of levels of or a magnitude of an output voltage,
and voltage synthesis methods may vary based on the configuration. Various inverter configurations are realized de-
pending on user requirements.
[0004] In industrial inverters, 3-phase half-bridge inverters are commonly used. The 3-phase half bridge inverter has
a structure in which three single-phase half bridge inverters are connected in parallel, wherein each half bridge may be
referred to as a pole, an arm or a leg as a basic circuit constituting the inverter.
[0005] In inverter using a constant DC stage voltage Vdc, a shift of a voltage that may be output linearly is limited
based on a modulation scheme. For example, a region of a linear voltage modulation using sinuous pulse width modulation

(SPWM) = Vac/2. The region of the linear voltage modulation using a space vector PWM 

An operating region beyond the linear voltage modulation region is called an over-modulation region.
[0006] In the over-modulation region, an output voltage smaller than the reference voltage is generated. Thus, an
linearity of the output voltage relatie to the reference voltage is broken. As a result, the harmonics of the output voltage
increase. The performance of the entire system is degraded. In some cases, operation is required in a region beyond
the linear modulation region. To this end, this requries modifining a output voltage for the reference voltage usign an
appropriate over-modulation technique.
[0007] In the case of the conventional over-modulation technique, data to be calculated in advance in off-line is required.
In addition, since a table or trigonometric function must be used for over-modulation, the inverter controller must use an
excessive memory capacity. The time required for over-modulation is excessively long.

SUMMARY

[0008] The present disclosure is to provide an inverter control device which has a simplified structure, uses smaller
memory capacity and thus reduces total over-modulation timing.
[0009] The purposes of the present disclosure are not limited to the above-mentioned purposes. Other purposes and
advantages of the present disclosure, as not mentioned above, may be understood from the following descriptions and
more clearly understood from the embodiments of the present disclosure. Further, it will be readily appreciated that the
objects and advantages of the present disclosure may be realized by features and combinations thereof as disclosed
in the claims.
[0010] In one aspect, the present disclosure provides an inverter control device configured for modifying a vector-
based reference voltage into a vector-based modified voltage and for supplying the vector-based modified voltage to
an inverter unit including a plurality of switching elements, wherein the inverter control device comprises: a determination
unit configured for determining a fundamental-wave magnitude of a phase-voltage corresponding to the modified voltage;
a proportional-integral (PI) control unit configured for performing a proportional-integral (PI) operation of an error between
the fundamental-wave magnitude of the phase-voltage and a magnitude of the reference voltage, and for outputting a
compensation voltage; a first adder configured for adding the compensation voltage to the reference voltage; and an
over-modulation unit configured for over-modulating an output of the first adder and for outputting the over-modulated
output as the modified voltage.
[0011] According to the present disclosure, the PI controller may be used as a closed-loop control scheme to control
the fundamental-wave of the output voltage. Thus, no table is needed to define the holding angle and the magnitude of
the modified voltage. Since the calculation of the trigonometric function is also not required, the configuration of the
inverter control device may be simplified. Further, the control stability of the device may be secured.
[0012] Further specific effects of the present disclosure as well as the effects as described above will be described in
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conduction with illustrations of specific details for carrying out the invention.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

FIG. 1 is one embodiment of a typical 3-phase inverter system.
FIG. 2 shows an example of ab input-output relationship of the inverter and output voltage synthesizing unit of FIG. 1.
FIG. 3 shows an example of a linear voltage modulation region and an output voltage limiting line.
FIG. 4 shows an example for over-modulation.
FIG. 5 and FIG. 6 are graphs illustrating variations in the magnitude and phase of a modified voltage according to
a magnitude of a reference voltage.
FIG. 11 is a configuration diagram of an inverter system including an inverter control device according to one
embodiment of the present disclosure.
FIG. 8 shows a configuration of the inverter control device according to one embodiment of the present disclosure.
FIG. 9 is an example to illustrate change in a voltage vector due to over-modulation by over-modulation unit.
FIG. 10 is a configuration diagram to illustrate another embodiment of the over-modulation unit of FIG. 8.
FIG. 11 shows a detailed configuration of a phase-voltage magnitude determination unit.

DETAILED DESCRIPTION

[0014] Examples of various embodiments are illustrated and described further below. It will be understood that the
description herein is not intended to limit the claims to the specific embodiments described. On the contrary, it is intended
to cover alternatives, modifications, and equivalents as may be included within the spirit and scope of the present
disclosure as defined by the appended claims.
[0015] The same reference numbers in different figures denote the same or similar elements, and as such perform
similar functionality. Further, descriptions and details of well-known steps and elements are omitted for simplicity of the
description. Furthermore, in the following detailed description of the present disclosure, numerous specific details are
set forth in order to provide a thorough understanding of the present disclosure. However, it will be understood that the
present disclosure may be practiced without these specific details. In other instances, well-known methods, procedures,
components, and circuits have not been described in detail so as not to unnecessarily obscure aspects of the present
disclosure.
[0016] It will be understood that, although the terms "first", "second", "third", and so on may be used herein to describe
various elements, components, regions, layers and/or sections, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms are used to distinguish one element, component, region,
layer or section from another element, component, region, layer or section. Thus, a first element, component, region,
layer or section described below could be termed a second element, component, region, layer or section, without departing
from the spirit and scope of the present disclosure.
[0017] It will be understood that when an element or layer is referred to as being "connected to", or "coupled to" another
element or layer, it can be directly on, connected to, or coupled to the other element or layer, or one or more intervening
elements or layers may be present. In addition, it will also be understood that when an element or layer is referred to as
being "between" two elements or layers, it can be the only element or layer between the two elements or layers, or one
or more intervening elements or layers may also be present.
[0018] The terminology used herein is for the purpose of describing particular embodiments only and is not intended
to be limiting of the present disclosure. As used herein, the singular forms "a" and "an" are intended to include the plural
forms as well, unless the context clearly indicates otherwise. It will be further understood that the terms "comprise",
"comprising", "include", and "including" when used in this specification, specify the presence of the stated features,
integers, operations, elements, and/or components, but do not preclude the presence or addition of one or more other
features, integers, operations, elements, components, and/or portions thereof. As used herein, the term "and/or" includes
any and all combinations of one or more of the associated listed items. Expression such as "at least one of" when
preceding a list of elements may modify the entire list of elements and may not modify the individual elements of the list.
[0019] Unless otherwise defined, all terms including technical and scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the art to which this inventive concept belongs. It will be further
understood that terms, such as those defined in commonly used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the relevant art and will not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.
[0020] Hereinafter, an inverter control device that performs conventional over-modulation will be described with ref-
erence to FIGS. 1 to 6. Referring to Figures 7 to 11, an inverter control device according to one embodiment of the
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present disclosure will be described.
[0021] FIG. 1 shows one embodiment of a typical 3-phase inverter system.
[0022] As shown in the figure, the inverter 100 includes a DC power supply 110, an inverter unit 120, and an output
voltage synthesizing unit 130. The inverter may also supply power to the induction electric motor 200.
[0023] The DC power supply 110 is a DC stage power, which may include a capacitor or a battery, and may maintain
a constant voltage. The inverter unit 120 includes a plurality of 3-phase switches. The 3-phase switches of the inverter
unit 120 may convert a DC voltage to an AC voltage. The output voltage can also be controlled by turning on/off the 3-
phase switches.
[0024] The output voltage synthesizing unit 130 outputs a pulse width modulated (PWM) gate signal and may determine
the output voltage with respect to the reference voltage Vdc.
[0025] The inverter 100 receives the direct current (DC) power input Vdc of the DC power supply 110 and then outputs
3-phase alternate current (AC) output voltages Van, Vbn, and Vcn to the induction electric motor 200 as a 3-phase load.
The 3-phase alternate current (AC) output voltage may be determined based on the on/off of the 3-phase switches of
the inverter unit 120. A switch set with each phase includes two switches connected in series. Each phase operates
independently of each other. Thus, the phase voltage produces an output voltage. The output voltages of three phases
may be controlled to have a phase difference of 120 degrees with respect to each other.
[0026] FIG. 2 shows an example of the input/output relationship of the inverter unit 120 and the output voltage syn-
thesizing unit 130 of FIG. 1.
[0027] The output voltage synthesizing unit 130 may receive a reference voltage VRef and modify the reference voltage
vector. In the linear voltage modulation region, the reference voltage VRef and the modified voltage VModRef are the
same, In the over-modulation region, a voltage VModRef with a modified magnitude and a modified phase is output. That
is, the output voltage synthesizing unit 130 may output a modified voltage VModRef corresponding to the reference voltage
VRef.
[0028] The inverter unit 120 may synthesize the output voltage Vout via switching of a plurality of switching elements
based on the modified voltage VModRef.
[0029] FIG. 3 shows an example of a linear voltage modulation region and an output voltage limiting line. 3A indicates
an output voltage limiting line, while 3B represents a linear voltage modulation region.
[0030] The output voltage limiting line 3A represents a region of the voltage that a 3-phase inverter can output. The
linear voltage modulation region 3B represents a voltage region in which the same output voltage as the reference
voltage may be synthesized regardless of the phase of the reference voltage vector.
[0031] The output voltage limiting line 3A of FIG. 3 corresponds to that for the 3-phase half-bridge inverter of FIG. 1.
The magnitude and shape of the limiting line may vary based on the topology. The magnitude of the output voltage
limiting line 3A is determined by the DC stage voltage Vdc. The maximum output voltage thereof is 2/3Vdc.
[0032] In FIG. 3, the reference voltage 3C is located inside the linear voltage modulation region 3B, so that the reference
voltage and the modified voltage are the same. The inverter 100 may synthesize an output voltage corresponding to the
reference voltage. That is, no over-modulation is required for the corresponding reference voltage inside the linear
voltage modulation region 3B.
[0033] FIG. 4 shows an example of over-modulation. 4A represents the movement path of the reference voltage for
one cycle. 4B is a region corresponding to an error between the reference voltage and the output voltage due to an over-
modulation phenomenon. 4C is an output voltage region that a voltage greater than the reference voltage may be
synthesized.
[0034] Referring to FIG. 4, the reference voltage 4D is located outside the linear voltage modulation region 3B as
illustrated in FIG. 3. Thus, to synthesize the output voltage corresponding to the reference voltage may be inhibited. The
voltage magnitude for the corresponding reference voltage is reduced to the output voltage limiting line 3A. That is, the
output voltage synthesizing unit 130 may modify the reference voltage into the modified voltage 4E so that the average
of the reference voltages for one period is equal to the average of the output voltage. The output voltage synthesizing
unit 130 may synthesize the output voltage from the modified voltage 4E.
[0035] In other words, the voltage in the region 4C replenishes an insufficient output voltage in the region 4B. In this
way, averages for a single period between the reference voltage 4D and the output voltage may be kept the same. Thus,
a linear region in which the reference voltage and the output voltage are different instantaneously but are the same on
the average may be increased. In the over-modulation region, the magnitude and phase of the modified voltage may
be determined via an over-modulation technique based on the magnitude of the reference voltage.
[0036] FIG. 5 and FIG. 6 are graphs illustrating changes in the magnitude and phase of the modified voltage based
on the magnitude of the reference voltage.
[0037] In FIG. 5, the modulation index (MI) is the ratio of the magnitude of the inverter maximum output voltage and
the magnitude of the reference voltage. In the 3-phase half bridge inverters, the maximum fundamental wave magnitude
of the output voltage is 2Vdc/π.
[0038] FIG. 5 shows a holding angle αh based on the magnitude and the phase angle αRef of the reference voltage.
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A following equation 1 shows the phase angle αModRef of the modified voltage based on the holding angle. 

[0039] In this connection,

αModRef is the phase angle of the modified voltage;
αRef is the phase angle of the reference voltage;
αh is the holding angle.

[0040] When the phase angle of the reference voltage is smaller than the phase angle of the holding angle, the phase
of the output voltage may be fixed.
[0041] FIG. 5 shows the change in the holding angle based on the MI. The phase change based on the MI may be
represented using a table or a trigonometric function. When using the table, memory usage increases. When the trigo-
nometric function is used, the execution timing is increased. Further, the holding angle in FIG. 5 is the value for one
sector. In this regard, each sector should be identified and used appropriately. As may be seen from Equation 1, the
modified voltage maintains a constant phase angle of 0 or π/3 near the vertex.
[0042] FIG. 6 illustrates a change in magnitude and phase of the modified voltage based on the holding angle of FIG.
5. FIG. 6 shows the voltage region in the vicinity of the a-axis in FIG. 4.

- (a) : in the operation region where the phase of the reference voltage is smaller than the holding angle, the reference
voltage is adjusted to a voltage corresponding to the vertex of the hexagon of the output voltage limiting line 3A;

- (b) to (e): when the phase of the reference voltage increases significantly above the holding angle, the reference
voltage may be adjusted along the side of the hexagon of the output voltage limiting line 3A. The voltage magnitude
is limited by the hexagon of the output voltage limiting line 3A, while the phase is determined by αModRef in the above
Equation 1.

[0043] As shown in FIG. 6, the magnitudes and phases of the reference and modified voltages are different. The
operation in the operation region aboveπ/6 angle and the operation in the operation region belowπ/6 angle may be
symmetrical with respect to π/6 angle.
[0044] In the conventional over-modulation technique as described above, data should be calculated in off-line in
advance, using the table may allow the memory of the control device to be used, or alternatively, use of the trigonometric
function may allow the execution time to increase.
[0045] An inverter control device according to one embodiment of the present disclosure may use a proportional-
integral (PI) controller with a closed-loop control scheme, thereby, to simplify the structure thereof and to reduce execution
time without requiring memory.
[0046] FIG. 7 shows an overall configuration of an inverter system including an inverter control device according to
one embodiment of the present disclosure. FIG. 8 shows the configuration of an inverter control device according to one
embodiment of the present disclosure.
[0047] Referring to FIG. 7, an inverter system according to one embodiment of the present disclosure may include a
rectifier 2 for receiving a power from an alternate current (AC) power supply 1 such as a commercial power supply, and
for rectifying the received power; a smoothing unit 3 for smoothing the output voltage from the rectifier 2; an inverter 4
for converting the smoothed voltage from the smoothing unit 3 to an alternate current (AC) voltage with a target frequency
and voltage; and an inverter control device 6 in accordance with one embodiment of the present disclosure, wherein the
device 6 may deliver information for driving the electric motor 5 to the inverter 4.
[0048] The inverter control device 6 according to one embodiment of the present disclosure receives the reference
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voltage generated by the reference voltage generation unit 7. The inverter control device 6 may include an over-modulation
unit 10, a proportional-integral (PI) control unit 20, a phase-voltage magnitude determination unit 30, and an adder 40.
[0049] The reference voltage generation unit 7 receives an output voltage of the inverter control device 6 as feedback
and modifies a reference voltage applied from an upper-level control device (not shown) based on the feedback, thereby
generating a reference voltage toward the control device 6. In addition, the reference voltage may be directly applied to
the control device 6 from an upper level control device (not shown). This latter configuration is irrelevant to the example
of one embodiment of the present disclosure, and a detailed illustration thereof will be omitted.
[0050] The reference voltage as output from the reference voltage generation unit 7 to the control device 6 has a
vector format. As shown in FIG. 8, the magnitude of the reference voltage is VRef, while the phase of the reference
voltage is αref.
[0051] The control device 6 according to the present disclosure adjusts the magnitude VRef and phase αRef of the
reference voltage in the over-modulation operation region via an over-modulation scheme while maintaining the switching
state. This produces and outputs a modified voltage with a vector format. The latter (that is, modified voltage) magnitude
is VOVM, and the latter phase is αOVM. In this way, the modified voltage may be provided to the inverter 4 so that the
inverter 4 synthesizes the output voltage.
[0052] The phase-voltage magnitude determination unit 30 may calculate the fundamental-wave magnitude of the
phase-voltage corresponding to the modified voltage. Detailed examples thereof will be exemplified below.
[0053] The proportional-integral (PI) control unit 20 receives an error between the magnitude of the fundamental-wave
magnitude of the modified voltage determined by the phase-voltage magnitude determination unit 30 and the magnitude
of the reference voltage. The control unit 20 performs a proportional-integral (PI) operation of the error, thereby outputting
a compensation voltage Vcomp. In general, the PI control unit integrates the error signals between the reference input
and the output result and outputs a proportional-integral (PI) controlled value for the errors. The detailed configuration
of the PI control unit 20 is already well known, and a detailed description thereof will be omitted.
[0054] The adder 40 may add the compensation voltage Vcomp to the reference voltage to generate a sum and input
the sum to the over-modulation unit 10. That is, the adder 40 may increase the magnitude of the input voltage of the
over-modulation unit 10 to match the magnitude of the reference voltage with the magnitude of the fundamental-wave
of the modified voltage. In this connection, the reference voltage has a vector format, so the compensation voltage in
the scalar form may be added to the magnitude VRef of the reference voltage, while the phase αRef of the reference
voltage may be output without change.
[0055] The over-modulation unit 10 may modify the reference vector so as to maximize the switching state and output
the modified vector. However, when the reference voltage is located outside the linear voltage modulation region 3B as
shown in FIG. 3 and the synthesis of the output voltage corresponding to the reference voltage is impossible, the over-
modulation unit 10 outputs the modified vector by over-modulating the reference voltage. When the reference voltage
is located inside the linear voltage modulation region 3B illustrated in FIG. 3, the operation of the over-modulation unit
10 may not be performed, but the reference vector may be output to inverter 4. This has been as described above.
[0056] FIG. 9 is an example for illustrating the change of the voltage vector due to the over-modulation of the over-
modulation unit 10. In the example of FIG. 9, the reference voltage vector is labeled VasRef and VbsRef. This is for the
simplicity of the drawing notation. As described above, the compensation voltage vector as output from the PI control
unit 20 will be added to the reference voltage vector.
[0057] The over-modulation unit 10 may modify the reference voltage vector so as to maintain the switching state of
the switching elements of the inverter 4 as much as possible. As shown in the figure, when the reference voltage vector
is located like VasRef, VasRef may be modified to VanOVM to enable the reference voltage vector.
[0058] In this connection, valid vector application times for VasRef vector are T1_a and T2_a. However, the sum of T1_a
and T2_a is larger than a single switching period Tsamp. Thus, valid vector application times for VasRef vector must be
modified.
[0059] In one embodiment of the present disclosure, the over-modulation unit 10 modifies the smaller of T1_a and T2_a
while unchanges the larger of T1_a and T2_a, such that the modified voltage vector is located on the output voltage limiting
line 3A. Therefore, T1_a may remain unchanged, while T2_a may be reduced to T’2_a. This principle applies equally to
the case of the reference voltage vector VbsRef. That is, the valid vector application time for the modified voltage vector
may be expressed by a following equation 2: 
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[0060] As described above, in the method of determining the modified voltage vector by limiting the valid vector
application time for the reference voltage vector, the larger the reference voltage vector, the modified voltage vector
may be determined to be the vertex of the output voltage limiting line 3A. Therefore. this may be switched to a six-step
mode (a mode in which the output voltage vector outputs only the vertex of the output voltage limiting line 3A). In this
six-step mode, the fundamental-wave component of the output voltage of the inverter may be used as full as possible.
[0061] One example in which the over-modulation unit 10 according to one embodiment of the present disclosure
limits the valid vector application time has been proposed as an example of a scheme for outputting the modified voltage
vector. The present disclosure is not limited thereto.
[0062] FIG. 10 is a configuration diagram to illustrate another embodiment of the over-modulation unit of FIG. 8.
[0063] As shown in the figure, the over-modulation unit 10 according to another embodiment of the present disclosure
may include a maximum-value determination unit 11, a middle-value determination unit 12, a minimum-value determi-
nation unit 13, an offset determination unit 14, an adder 15a, 15b and 15c, and a limiting unit 16a, 16b, and 16c. However,
in the example of FIG. 10, the input is also indicated as the reference voltage, but this is only for the simplicity of the
drawing notation. Specifically, the compensation voltage as output from the PI control unit 20 may be added to the
reference voltage vector. This has already been described.
[0064] The maximum-value determination unit 11 determines a maximum-value of a magnitude among the 3-phase
reference voltages. The middle-value determination unit 12 determines a middle-value of a magnitude among the 3-
phase reference voltages. The minimum-value determination unit 13 determines a minimum-magnitude among the 3-
phase reference voltages. The offset determination unit 14 may determine an offset using a following equation via the
maximum-value, middle-value, and minimum-value: 

[0065] In this connection, Vmax refers to the maximum-value, Vmid to the middle-value, Vmin to the minimum-value;

Vdc refers to a DC stage voltage of the smoothing unit 3;
Vshift refers to the offset.

[0066] The determined offset may be added, via the adder 15a, 15b and 15c, to the reference voltage having each
phase, and, hence, a sum is generated. If the limiting unit 16a, 16b, and 16c limits the sum to a predetermined range,
the modified voltage may be output.
[0067] In one embodiment of the present disclosure, the phase-voltage magnitude determination unit 30 converts the
output of the over-modulation unit 10 to the phase-voltage, and then determines the magnitude of the phase-voltage
and then may provide the same to the PI control unit 20.
[0068] FIG. 11 shows the detailed configuration of the phase-voltage magnitude determination unit 30 of FIG. 8.
[0069] As shown in the figure, the phase-voltage magnitude determination unit 30 in accordance with one embodiment
of the present disclosure may include a phase-voltage determination unit 31, a magnitude determination unit 32, and a
filter 33. Since the output of the over-modulation unit 10 is a polar voltage, the phase-voltage determination unit 31 may
convert the polar voltage to the phase-voltage.
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[0070] In general, the relationship between the phase-voltage of the electric motor and the polar voltage of the inverter
is as follows. 

[0071] In this connection, vas, vbs, and vcs indicate respectively phase-voltages of a 3-phase load (for example, an
electric motor 5); van, vbn, and vcn indicate respectively polar-voltages of the inverter. The latter corresponds to an input
in FIG. 11. vsn refers to the offset voltage. The offset voltage may indicate a difference between a neutral point voltage
of the inverter and a neutral point voltage of the 3-phase load. That is, from the Equation 4, the polar voltage may be
the sum of the phase-voltage and the offset voltage. Even when a sine wave at 3-phases equilibrium is used as the
phase-voltage, the polar voltage may vary based on the offset voltage.
[0072] From the above Equation 4, the offset voltage may be obtained as a following Equation 5. The phase-voltage
may be expressed by a following Equation 6 

[0073] Therefore, the phase-voltage determination unit 31 in accordance with the present disclosure may calculate
the output phase-voltage vector from the modified voltage vector using the Equation 5 and Equation 6 above.
[0074] The magnitude determination unit 32 may determine the magnitude of the phase-voltage from the output phase-
voltage vector. However, since the calculated phase-voltage contains harmonic components, the exact fundamental-
wave component may not be known. In particular, an influence of the sixth harmonic component is large.
[0075] Accordingly, the filter 33 may remove the harmonic component from the output of the magnitude determination
unit 32. The filter 33 may be embodied as a band stop filter or alternatively as a low pass filter. When the filter 33 is a
band-stop filter, a center frequency may correspond to the sixth harmonic of the phase-voltage. When the filter 33 is a
low-pass filter, a cut-off frequency may correspond to a frequency lower than the sixth harmonic.
[0076] In this way, the harmonic component is removed. Especially, the harmonic component in the over-modulation
region may be removed from the input of the PI control unit 20, so that the fundamental-wave component of the modified
voltage may be reliably controlled.
[0077] According to the present disclosure, the PI controller is used as a closed-loop control scheme to control the
fundamental-wave of the output voltage. Thus, no table is needed to define the holding angle and the magnitude of the
modified voltage. Since the calculation of the trigonometric function is also not required, the configuration of the inverter
control device may be simplified. Further, the control stability of the device may be secured.
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[0078] In the above description, numerous specific details are set forth in order to provide a thorough understanding
of the present disclosure. The present disclosure may be practiced without some or all of these specific details. Examples
of various embodiments have been illustrated and described above. It will be understood that the description herein is
not intended to limit the claims to the specific embodiments described. On the contrary, it is intended to cover alternatives,
modifications, and equivalents as may be included within the spirit and scope of the present disclosure as defined by
the appended claims.

Claims

1. An inverter control device configured for modifying a vector-based reference voltage into a vector-based modified
voltage and for supplying the vector-based modified voltage to an inverter unit (120) including a plurality of switching
elements, wherein the inverter control device comprises:

a determination unit (30) configured for determining a fundamental-wave magnitude of a phase-voltage corre-
sponding to the modified voltage;
a proportional-integral (PI) control unit (20) configured for performing a proportional-integral (PI) operation of
an error between the fundamental-wave magnitude of the phase-voltage and a magnitude of the reference
voltage, and for outputting a compensation voltage;
a first adder (40) configured for adding the compensation voltage to the reference voltage; and
an over-modulation unit (10) configured for over-modulating an output of the first adder (40) and for outputting
the over-modulated output as the modified voltage.

2. The inverter control device of claim 1, wherein the determination unit (30) includes:

a phase-voltage determination unit (31) for determining each phase-voltage of a vector-based 3-phases voltage
from the modified voltage;
a magnitude determination unit (30) for determining a magnitude of each phase-voltage; and
a filter (33) for removing a harmonic component from the magnitude of the phase-voltage and for outputting the
phase-voltage having a fundamental-wave magnitude.

3. The inverter control device of claim 2, wherein the filter (33) includes a band-stop filter, wherein a center frequency
of the band-stop filter is a sixth harmonic of the phase-voltage vector.

4. The inverter control device of claim 2, wherein the filter (33) includes a low-pass filter, wherein a cut-off frequency
of the low-pass filter is selected as a frequency lower than a sixth harmonic of the phase-voltage vector.

5. The inverter control device of claim 1, wherein the over-modulation unit (10) is configured to maintain larger one of
both valid vector application times for vector-based input while to modify smaller one of the both valid vector appli-
cation times according to a sampling period, such that the modified voltage is positioned on an output voltage limiting
line.

6. The inverter control device of claim 1, wherein the over-modulation unit (10) includes:

a maximum-value determination unit (11) for determining a maximum-value of a magnitude among three-phases
voltages of the 3-phase reference voltage;
a middle-value determination unit (12) for determining a middle-value of a magnitude among three-phases
voltages of the 3-phase reference voltage;
a minimum-value determination unit (13) for determining a minimum-value of a magnitude among three-phases
voltages of the 3-phase reference voltage;
an offset determination unit (14) for determining offsets using the maximum-value, the middle-value, and the
minimum-value, and a direct-current (DC) stage voltage of the inverter; and
a second adder for adding the offsets to three-phases voltages of the 3-phase reference voltage respectively.

7. The inverter control device of claim 6, wherein the over-modulation unit further includes a limiting unit for limiting
an output of the second adder to a predetermined range.
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